Introduction: New evidence suggests that the efficacy of antidepressants occurs within the first weeks of treatment and this early response predicts the later response. The purpose of the present study was to investigate if the partial response in the first week predicts the response at the end of treatment in patients with major depressive disorder who are treated with either antidepressant medication or electroconvulsive therapy.
The treatment of major depressive disorder is crucial considering that it causes disability in patients and a great societal burden. Although antidepressants are ranked as the first line of treatment, one-third of patients do not respond to treatment despite different antidepressant medications (4) .
In the treatment of major depressive disorder, the duration of response is as important as unresponsiveness to treatment. In the current treatment guidelines, it is stated that to evaluate the treatment response, a definite time is required to wait. For example, while the Canadian Network for Mood and Anxiety Treatments reports that 2-4 weeks are required to evaluate the response to antidepressant treatment in adult major depressive disorder (5) , in the Texas Depression Treatment Algorithm and Treatment Guideline for Major Depressive Disorder of American Psychiatry Association, the duration is suggested to be 4-8 weeks (6, 7) . Despite still being included in treatment guidelines, the opinion that the effectiveness of antidepressants comes up late appears to lose its validity with the increasing evidence for the opposing view. For instance, Nierenberg et al. found in a study they conducted with fluoxetine that more than half of the patients responded to treatment in 2 weeks (8) . In addition, in a meta-analysis performed by Taylor et al. (9) , the data from a 50 placebo-controlled study conducted in patients with the diagnosis of unipolar depression using selective serotonin reuptake inhibitors (SSRI), it was found out that recovery of the symptoms began in the first week.
The question that arises after establishing the result that the response to antidepressant drugs becomes evident in the early period is the extent of the importance of the early response as a factor in predicting the later response. Stassen et al. investigated the fluctuation of response to treatment as a variant of time in major depressive disorder patients and reported that the patients who demonstrated a 20% decrease from the initial score Hamilton Depression Scale (HDS) score in the first two weeks of treatment also responded to the treatment (50% decrease in the HDS score) at the end of the study. In this study, it was reported that not responding to treatment in the early period was also indicative of late unresponsiveness (10) . In a six-week randomized, placebo-controlled study conducted by Katz et al. (11) in 2004 with patients taking paroxetine, which is SSRI, and desipramine, which is a norepinephrine reuptake inhibitor and placebo, it was reported that with both drugs, the response observed in the first two weeks was correlated with treatment response observed at the end of six weeks. In a meta-analysis, 41 studies including 6562 patients with major depressive disorder diagnosis and comparing mirtazapine with another antidepressant or with a placebo, it was found out that the early response predicted the later stable response and remission with a sensitivity of 81% and 87%, respectively. Similarly, the negative predictive value, which indicates a lower recovery rate of patients who do not display any improvement in the second week, was found to be high (12) .
In a single-blind, randomized, placebo-controlled study comparing two antidepressant combination (bupropion+escitalopram and venlafaxine+mirtazapine) and escitalopram+ placebo, it was stated that for the physician to decide on treatment, the positive and negative predictive values were more important than sensitivity and specificity and a negative predictive value of 75% was accepted as significant (13) .
In another study, 131 inpatients were administered fixed doses of fluoxetine 20 mg/day and the predictability of the pattern of the response to the drug together with the early response, which was determined by the decrease in HDS scores in the first weeks on late response, was investigated. The percentage of change was estimated by subtracting the HDS scores, which were assessed each week for six treatment weeks, from the initial HDS scores. The stable response was defined as a 50% decrease in the HDS score. In the estimation of the HDS percentage rate of change that predicts responsiveness and unresponsiveness in the first weeks with the highest sensitivity and specificity, ROC curve was used, and it was reported that a decrease in HDS scores by 25% in the first week, 39% in the second week, 43% in the third week, and 50% in the fourth week predicted the response at the sixth week, which was also the end of the study, with a high sensitivity and specificity (14) .
In the treatment of major depressive disorder, electroconvulsive therapy (ECT) is used efficiently along with antidepressant medication. In algorithms of the Treatment for Major Depressive Disorders, ECT is recommended to be used in patients who do not benefit from the use of two antidepressants at effective doses for a sufficient duration and after the options of lithium and thyroid hormone replacement have been considered. However, there are also some conditions in which ECT may be used as the first option: patients who have previously responded to ECT positively, patients resistant to other treatments, patients who have severe suicide risk and/or thoughts of homicide, patients refusing oral intake, and pregnant patients. The effectiveness of ECT is considered to be 80-90% in unipolar and bipolar depressive disorder (15) . Although the high effectiveness of ECT is well-known, there are a limited number of studies investigating the time of onset of its effectiveness. In a study in which Rodger et al. (16) investigated the pattern of response to ECT treatment, the registers of 11 patients with a diagnosis of major depressive disorder were examined, and it was determined that in patients who were administered ECT with a mean frequency of 6.6, the observed improvement after the first three ECTs was six times more than the improvement in the rest of the treatment. It was reported that patients who displayed more prominent improvement in the first three ECTs had a higher probability of recovery at the end of treatment (16) . In another study, 253 patients with major depressive disorder diagnosis were administered three ECTs per week, and 217 patients were able to complete the study. The stable response rate, which was defined as a 50% decrease in HDS score compared to the initial score, was found to be 79%, and the remission rate, which was defined as a decrement of HDS score under 10 points, was found to be 75%. It was determined that 34% of patients entered remission before the sixth ECT, 65% before the tenth or at the tenth ECT, and also that in more than 50%, a response was observed after the third ECT; thus, it was reported that ECT is a treatment option with a fast onset of effectiveness and high efficiency (17) .
The aim of the present study was to investigate the predictive value of the partial response of patients with a diagnosis of major depressive disorder to antidepressant medication and ECT in the first week on the response likely to be observed at the end of the treatment.
METHODS

Sample
Patients who had received inpatient treatment from the Dokuz Eylül Hospital Psychiatry Clinic with a diagnosis of major depressive disorder between the dates of 01.01.2002 and 01.07.2011 participated in the study. Necessary data were obtained through the retrospective scanning of patient files. The study was ethically approved by the Non-Invasive Research Ethical Committee of Dokuz Eylül University Medical School.
In the present study, we included patients who were diagnosed with a major depressive disorder or recurrent depressive disorder during hospitalization, were aged between 18 and 65 years, were treated with only one antidepressant or ECT during hospitalization, had more than 20 days of hospitalization, and had a primary diagnosis of major depressive disorder or recurrent depressive disorder if there was a comorbidity.
We excluded patients who had bipolar disorder or any disorder from the psychosis spectrum, had any organic disorder that could explain their psychiatric symptoms, or used more than one psychotropic medicine (patients who took benzodiazepine or a low dose of trazodone or mianserin, which has a sedative side effect for sleep induction, were not excluded). Moreover, we excluded patients who took antidepressant treatment together with ECT or those whose antidepressant dosages were increased.
Measurement tools Hamilton Depression Scale (HDS):
The scale was developed by Hamilton in 1960 (18) . HDS consists of 17 items and aims to evaluate the intensity of depression. The scale is rated by the interviewer. Turkish validity and reliability analysis of the scale was conducted by Akdemir et al. (19) . In our clinic, the scale is regularly administered once a week in order to evaluate and monitor the intensity of depressive symptoms during the hospitalization of patients with major depressive disorder.
Mini Mental State Examination (MMSE):
MMSE was developed by Folstein et al. (20) as a cognitive assessment tool that takes only a short time to administer. Validity and reliability analysis in Turkish were reported by Güngen et al. (21) . It consists of 11 items of five main subscales, namely orientation, record memory, attention and calculation, recall, and language. The total score is evaluated out of 30.
ECT procedure ECT-indicating patients were consulted by the Anesthesiology and Reanimation Department and examined in terms of anesthesia implementation. ECT was performed with the Thymatron System IV ECT tool (Somatics, Inc., Lake Bluff, IL, USA), three times a week, under anesthesia, and bilaterally. ECT flow dosage was designed as half of the patient' s age at the beginning. The electrical charge average at the first ECT session was 211±55 mC (milicoulomb) and at the last session was 407±215 mC. Seizure duration was determined by two channeled electroencephalography. Above 20 seconds of seizure was regarded as effective, and the energy level was increased by 50% if an effective seizure duration could not be reached.
In ECT treatment, the average session number was 8.8±2.6 and the average effective ECT number was 8.3±2.5. Before anesthesia, 0.5 mg intravenous atropine and propofol (1 mL/kg) as anesthetic and succinylcholine (0.5 mg/kg) as myorelaxant were administered.
Criteria for response to treatment
Early response to treatment was identified as a 25% decrease in HDS scores with respect to the initial scores after the first week of antidepressant or ECT treatment. On the other hand, late response to treatment was defined as a 50% decrease in HDS scores considering the initial scores at the third week of treatment. These descriptions are compatible with the Texas Depression Treatment Algorithm, which defines a decrease less than 25% as "no response, " a decrease between 25 and 50% as a "minimal response, " a decrease between 50 and 75% as a "partial response, " and a decrease between 75 and 100% as a "complete response" (6) .
Statistical Analysis
Statistical analysis of the data was produced using the Statistical Package for the Social Sciences (SPSS Inc; Chicago, IL, USA) 15.0. Validation analysis was used in order to evaluate the prediction of the early stage response on the late stage response. Accordingly, sensitivity, specificity, the negative prediction value, and the positive prediction value were calculated.
Response to treatment at the first week was defined as a 25% decrease in HDS scores compared to the initial score. In addition to this cutoff point, for the purpose of determining the cutoff point in which sensitivity and specificity are the highest and, accordingly, false negatives and false positives are the lowest, ROC analysis was conducted. For each cutoff point, the possibility of positivity and negativity were calculated.
Numbers and percentages for the descriptive data and the mean and standard deviation for the measured data were used in the analysis. For a pair-wise comparison of qualitative data, the chi-square and Fisher' s absolute chi-square tests were run, whereas the Mann-Whitney U test was used for the pair-wise comparison of quantitative and non-normally distributed data. The significance range was accepted as <0.05 for statistical comparisons.
RESULTS
Socio-demographic and clinical characteristics of the antidepressant treatment and ECT groups
The antidepressant treatment group consisted of 52 (34 female, 18 male) patients, and the mean age was 40.7±12.5 years. The ECT group consisted of 48 (34 female, 14 male) patients, and the mean age was 41.9±13.6 years. Socio-demographic characteristics of the antidepressant and ECT groups are shown in Table 1 . The two groups did not differ in terms of socio-demographical and clinical characteristics, except for marital status and the total number of hospitalizations. More single patients were present in the ECT group, and their number of hospitalizations was greater than in the antidepressant group.
The impact of socio-demographic and clinical characteristics on the response to treatment
The ECT and antidepressant groups were divided into subgroups in terms of a decrease in HDS scores by 25 % at the first week and by 50% at the third week, and they were compared with respect to their clinical and socio-demographic characteristics. Table 2 presents the comparison in terms of socio-demographic and clinical characteristics of ECT treatment patients with a decrease at the first week in HDS scores by 25% from the initial score and patients who did not show a decrease by 25%. The total number of hospitalizations was significantly lower in the patients who had a decrease in first-week HDS scores by 25% than for patients who did not show a 25% decrease (p=0.02). Current duration of the episode was approximately three times longer in patients without an early response to treatment compared to patients with an early response to treatment (p=0.050).
Comparison of the patients who showed a 25% decrease in HDS scores regarding the start of treatment and the patients who did not show a 25% decrease in the antidepressant treatment group in terms of socio-demographic and clinical characteristics is presented in Table 3 . The total number of hospitalizations was significantly higher for patients who did not show a 25% decrease in HDS scores compared with those that did at the start of treatment (p=0.01). Besides attaining to the limit of statistical significance, the total number of episodes was higher, the age of disorder onset was earlier, and the duration of the current episode was longer for patients whose response to treatment in the first week was partial.
48% of the patients were taking SSRI, 32.7% of them were taking SNRI, 5.8% of them were taking tricyclic antidepressant, 5.8% of them were taking tetracyclic antidepressant, and 5.8% of them were taking NaSSA (mirtazapine).
The ECT and antidepressant treatment groups were divided into subgroups in terms of whether the patients showed a 50% decrease in HDS scores at the third week, which was the second assessment time. These subgroups were compared with respect to socio-demographic and clinical characteristics that were assessed at the first week assessment. Accordingly, the response to ECT treatment was not related to age, gender, marital status, years of education, work status, psychotic features, family history, presence and number of suicide attempts, or the Mini Mental State Examination scores that were assessed at the start. When the patients who did not show a 50% decrease in HDS scores at the third week were compared to the responsive patients, they showed a greater probability of having medical disorders (p=0.028), a greater total number of episodes (p=0.036), longer durations of disorder (p=0.028) and longer durations of the current episode (p=0.041), and a greater number of hospitalizations (p=0.035). Subgroups of the antidepressant treatment group, which were responsive and unresponsive to treatment at the third week, were not related with age, gender, marital status, work status, years of education, psychotic features, family history, suicide attempts, medical disorders, number of episodes, age of disorder onset, duration of disorder, number of hospitalizations, or the Mini Mental State Examination scores evaluated at the start. The comorbidity of another psychiatric diagnosis was found statistically higher in the patients who did not show a 50% decrease in the third-week HDS scores than for the responsive patients (p=0.035). Although reaching no statistical significance, the duration of the current episode was longer with the unresponsive patients.
Prediction of first-week treatment response of the thirdweek treatment response
Validation analysis indicated that the first-week treatment response can predict the third-week treatment response for patients using antidepressant treatment with 62.1% sensitivity, 78.3% specificity, a 78.3% positive predictive value (PPV), and a 62.1% negative predictive value (NPV). On the other hand, in the ECT treatment group, the first-week treatment response could predict the third-week treatment response with 66.7% sensitivity, 80% specificity, an 88% positive predictive value, and a 52.2% negative predictive value. The results are presented in Table 4 .
According to the ROC analysis conducted after the validity analysis, it was shown that a 25% cutoff point in the ECT group and 21% in the antidepressant group had the highest sensitivity and specificity. After determining the cutoff point as 25% for the decrease in HDS scores at the first week in the ECT treatment group, a 60.61% sensitivity, 86.67% specificity, 90.9% positive predictive value, 50% negative predictive value and 4.55% probability were determined. A 25% cutoff point with the antidepressant group, a 58.62% sensitivity, 76.19% specificity, 77.3% positive predictive value, 57.1% negative predictive value, and 2.46% probability were determined.
DISCUSSION
Treatment response prediction of antidepressant and ECT treatments
The predictability of response at the first week on the response at the third week with antidepressant and ECT treatments in the hospitalized patients who were diagnosed with major depressive disorder was retrospectively investigated in this study. In total, 68% of patients undergoing ECT and 55.8% of patients undergoing antidepressant treatment reached the response of a 50% decrease in HDS scores compared to baseline. This response to antidepressant treatment is in congruence with the STAR*D study, which reported a 48.6% response rate at the end of 5.5 weeks (22) . However, as for the ECT group, the response rate that we detected was lower than the response rates in the literature. In the study of Husain et al. (17) , the response rate was indicated to be 79%. The reason might be that hospitalized patients are the ones who remain unresponsive to treatment in outpatient clinics and who are resistant to treatment.
In total, 55.8% of the patients undergoing antidepressant treatment were responsive to treatment by the end of the third week. 62.1% of these patients also showed a 25% decrease in HDS scores at the first week, and at the early stages responded partially to treatment (sensitivity). 78.8% of patients who responded partially at the early stages also responded at the third week (positive predictive value). It was indicated that the positive and negative predictive values might be more important than sensitivity and specificity during the clinical decision process (12) . According to this, an early response predicts the late response through a high positive predictive value (PPV).
The ratio of the unresponsive patients to the antidepressant treatment patients at the first week to the unresponsive patients at the third week was determined to be 62.1% (negative predictive value). The ratio of the unresponsive to the treatment patients at the first week among the patients unresponsive to treatment was 78.3% (specificity). Specificity together with the negative predictive value indicates the predictability of early unresponsiveness to late unresponsiveness. Accordingly, no decrement in HDS scores at the first week by 25% compared to baseline predicts that there will be no decrease in HDS scores at the third week by 50% compared to baseline, as predicted by the 78.3% specificity and 62.1% negative predictive value. In the meta-analysis study of Szegedi et al. (12) for the predictability of the second-week response on the fourthweek response by SSRIs, 88% sensitivity, 50% specificity, a 50% positive predictive value, and an 86% negative predictive value were determined. In this meta-analysis, the higher negative predictive value than the positive predictive value shows the better prediction of early unresponsiveness on late responsiveness and early responsiveness on late responsiveness. On the other hand, a lower specificity and positive predictive value than sensitivity and negative predictive value indicate that the number of false positives, i.e., the early responsive patients who cannot sustain that response on late stages, are high. In contrast, our study indicated that the sensitivity and negative predictive value were lower than the specificity and positive predictive value. Therefore, this means that the false negatives, i.e., the unresponsive patients at the first week, but who are responsive at the third week, are much more. This result may arise from an evaluation of the early response at the first week instead of at the second week, distinctly from other studies. If the evaluation was made at the second week, it might be considered that there would be a higher number of patient who had a 25% decrease in HDS scores and a lower number of false negatives. Lin et al. (14) conducted an ROC analysis in their study, which investigated the prediction of early response with antidepressants on later response, and found that the first-week decrease in HDS scores by 25% predicted responsiveness in 78% of patients (sensitivity), while patients who did not show a 25% decrease at the first week were 61% unresponsive at the end of treatment (specificity). As in our study, a 25% cutoff point enabled the highest sensitivity and specificity values.
There are methodological differences between our approach and Quitkin et al. ' s (22) approach, which is the group that enabled the late response hypothesis to become more widespread. Quitkin et al. (23) used "very much improved" and "much improved" ratings for assessing treatment response and moreover they used tricyclic antidepressants and monoamine oxidase inhibitors, which are initially administered at sub-therapeutic doses and that take approximately two weeks to reach therapeutic dose. Thus, the lack of early response observed with antidepressants by Quitkin et al. (23) may be related with the definition of recovery and also with the antidepressants used that were sub-therapeutic in the first two weeks. In our study, we also did not observe an early response in three patients using tricyclic antidepressants. This situation may be explained by administration of this group of antidepressants at low doses in the beginning and then going up to therapeutic doses.
One factor that affects the initial antidepressant response may be the duration of treatment. For instance, in Watanebe et al. ' s (24) meta-analysis, in which they compared the effectiveness of mirtazapine in terms of efficiency and the onset of efficiency with other antidepressants, it was reported that there were no differences in the efficiency of six weeks and ten weeks treatment but the effect of mirtazapine started faster in the early period (24) . Although the number of patients who used mirtazapine was quite low (n=3), it is interesting that all of these patients responded to treatment earlier. Fast dose titration is also a factor related with early recovery. For example, Bernardo et al. (25) reported that with venlafaxine, faster dose titration provides a faster improvement in the depressive symptoms compared to slow dose titration. Frequently used fast dose titrations in inpatients at our clinic may be a factor increasing the early response rates.
With the administration of ECT, 52% of the patients showed a 25% decrease from the initial HDS score at the first week and after approximately 3 ECT administrations. This finding is similar to Husain et al. ' s (17) study that reported a response rate of 53.8%. At the third week, 88% of these patients showed a 50% decrease in HDS scores (positive predictive value).
Of all the patients who responded to treatment at the third week, 66.7% also responded to treatment partially at the first week (specificity). Of the patients that did not show a 25% decrement in HDS scores at the first week, 52.2% were unresponsive also at the third week (negative predictive value). Eighty percent of patients who did not respond to treatment at the third week were found not to respond to treatment also in the first week (specificity). These findings demonstrate that the early response to ECT predicts a late response through a high PPV. Early unresponsiveness is also a predictive factor for late unresponsiveness with high specificity. The sensitivity and NPV being lower than specificity and PPV also indicates that the number of false negatives, meaning patients giving late response to treatment, was higher. This situation, as previously stated, may be rooted in the early assessment of the early response at the first week.
There is no study in the literature that focuses on the investigation of predictability of early response to ECT on the ultimate response. However, Husain et al., in their study where they investigated the speed of early response to ECT, tried to determine an early response cutoff point by using ROC analysis to predict the ultimate response, but they could not find a clinically significant threshold value at the fifth ECT. When they investigated the predictability of a 30% decrease in HDS scores at the sixth ECT, they found that 61% of the patients who did show a 30% improvement responded to ECT at the end of treatment, and also that responding to ECT by a 30% improvement was a clinically significant indicator to continue with ECT. However, they concluded that the lack of a 30% improvement could not be predictive of ultimate unresponsiveness.
The effect of socio-demographic and clinical characteristics on the response to treatment in the antidepressant medication and ECT groups When the ECT and antidepressant groups were compared with respect to socio-demographic and clinical characteristics, only the number of hospitalizations in the ECT group was determined to be higher, but no other differences with respect to the other characteristics that point to a more severe disorder in the ECT group were found.
The antidepressant and ECT groups were assigned to subgroups based on their previously established response to treatment criteria according to their responsiveness or unresponsiveness to treatment and they were compared with respect to their clinical and socio-demographic characteristics. It was found that in the ECT group, none of the factors of age, gender, marital status, years of education, previous suicide attempts, psychotic features, family history, and MMT score at admission had an impact on the response observed at the first week, and also it was determined that for the inpatients who did not respond to treatment, the number of total hospitalizations and the duration of the current episode were significantly higher. Similar findings were obtained in the antidepressant group when factors acting upon the response to treatment at the first week were taken into account. While in the antidepressant group, the number of hospitalizations was significantly higher in the subgroup who did not respond to treatment at the first week, no other statistical significance was determined with respect to the socio-demographic and clinical characteristics. The factors that impact on the treatment response observed at the third week were the presence of medical illness in the ECT group, length of the current episode duration, the duration of the disorder, higher number of previous hospitalizations, and total number of episodes. These factors pointing toward the chronicity of the disorder were found to be related with unresponsiveness. As for the antidepressant group, psychiatric comorbidity was found to be related with unresponsiveness to treatment.
In a study investigating the factors that predict treatment response in inpatients, the presence of suicide attempts, severity of the disorder at the onset, a duration of the episode of less than 24 months, a lower number of hospitalizations, and the absence of psychiatric comorbidity were reported to predict treatment response (26) . Similarly, Seemüller et al. (27) found in their study, where the treatment response of 1014 inpatients and factors that influence the response were investigated, that the duration of the current episode, the presence of comorbidity, and a history of previous hospitalizations were negatively related with the treatment response, while the severity of the disorder and suicidality were found to be positively related. In the present study, it was seen that the presence of comorbidity and the total number of hospitalizations were related with unresponsiveness to antidepressant treatment, which is compatible with the literature.
There are not enough studies in the literature investigating the factors that contribute to the response to ECT treatment. In a study involving patients under the age of 65, the presence of psychotic depression, being unresponsive to antidepressant medication, and the presence of a personality disorder were determined to be factors related with unresponsiveness to treatment (28) . There is no one-to-one correlation between the results of this study and our study. In our study, the determined unresponsiveness to ECT treatment was considered to be related with chronicity of the disorder.
One of the limitations of the present study is the insufficiency of the duration of follow-up, which is rooted to the retrospective nature of the study. Accordingly, instead of four or six weeks follow-up, which is common in literature, the status of the patients after three weeks of treatment were assessed. Another limitation is that the response to ECT treatment, which has a fast effectiveness, was assessed with weekly administered depression scores, and thus, immediate improvement after ECT may have been overlooked. Moreover, the lack of evaluation with respect to depression subtypes is another limitation to mention.
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